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I. Preliminary Experiments @"' 
Pr io r  t o  r ece ip t  of the grant ,  preliminary experiments performed between the  

period of April  1 7 ,  1962 and June 8, 1962, confirmed t h a t  the reac t ion  of the  

following s p e c i f i c  dicarbonyl compounds, terephthaldehyde, glyoxal and benzo- 

phenone-reacted in so lu t ion  with the  following spec i f i c  polyamino compounds, 

diaminobenzene and benzoguanamine t o  produce conjugated polymeric Sch i f f ' s  

bases.  The polymers obtained ranged i n  co lor  from yellow t o  orange t o  dark 

brown and a l l  of them were infus ib le .  This synthes is  from so lu t ion  y i e lds  the 

polymers i n  the form of "brick dust polymers" which were not fabr icable ;  they 

could not be dissolved or melted. 

Other preliminary experiments confirmed a l s o  t h a t  these s p e c i f i c  dicarbonyl 

and polyamino compounds could be reacted i n  a m e l t  thereby passing through a 

f u s i b l e ,  so luble  s tage,  which could be in te r rupted  only a t  e a r l y  degrees of 

polymerization. 
- 

Using the  melt process, black conjugated polymers were obtained 

which were of higher molecular weight than those obtained by the so lu t ion  

process .  

11. Research Under the  Grant 

The def ic ienc ies  of the  so lu t ion  and m e l t  process indicated t h a t  s ince  the 

polymerization reac t ion  between the amine and the  aldehyde was too  rap id  and 

tqe 3jff!cult t o  control, e aex approach to L b  preparation of the polymer was 



. I  a * *  9 .  

z ,* . ,- 
e F -  

RETURN EXIS  SIIEET TO CODE SC BY 
(Distr ibut ion m a y  be msde automatically after t h i s  date) 

To: 1. Code/ 

2. Code SC/Technical Reports Control 

code: E-4 
REPORT EvAw;IL\TION DISTRIBUTION GUIDE 

Report No. 

Source: University of Notre Dame 

/Grant No.: NsG-339 

Stat= Report covering period 2-1-63 through 7-30-63 

Author(s): G. F. D ' U e l i o  

Author has indicated: 

- X X X  No sue;gestedmethod of publication - Report submitted f o r  NASA publication - Report submitted for  publication to :  
Reprint from: - 

EVALUWION: 

Please review: 

(Must be completed as basis for payment) 

( 4 Progress of the  research; / / S a t i s f a c t o r y  / /Unsatisfactory 
Comments : 

( b )  Whether t h e  report  is acceptable as a f i n a l  report of t hea resea rch  
performed under the grant or contract  : 

Should t h e  repor t  be issued as a NASA publication? 
If SO: (a)  What are your comments, carrect ions,  e tc . :  

1. 

(b) 

(c)  

Should the report  be returned t o  the author for revision before 
it is published? 

Please fill i n  the  approval sheet at tached beneath. 

If not: Please check t he  appropriate d i s t r ibu t ion  on the back of this form. 



Dis t r ibu t ion  Guide (Contld.) 

If the repor t  i s  
l i c a t i o n s ,  please check items 2, 3, o r  4 t o  ind ica te  appropriate d i s t r ibu t ion  and 
s e c u r i t y  c l a s s i f i c a t i o n .  

suitable f o r  the broad automatic d i s t r ibu t ion  given NASA pub- 

2.- Report i s  unc la s s i f i ed  - not suitable f o r  NASA publlcatlon, but may be 
announced and made pub l i c ly  ava i lab le .  / 

3 *- J R e p o r t l s  unc lass i f ied ,  but d i s t r i b u t i o n  should be limited as follows: 

a. JGovernment agencies and t h e i r  contractors  only. 

b. Government agencies only. 

c.- NASA a c t i v i t i e s  only. 

Report requi res  a s e c u r i t y  c l a s s i f i c a t i o n  of 
su i t ab le  f o r  d i s t r i b u t i o n  with t h e  Urmits of secu r i ty  considerations t o :  

and i t 3  - 4. 

*- Government agencies and t h e i r  contractors  only. 

b*- Government agencies only. 

c*- NASA a c t i v i t i e s  only. 

This sec t ion  f o r  Code SC use only: 

.. 
. * -  . I  



2 1 .  

e c . 
required.  

o r  (b) the carbonyl compound or (c) both. 

The new approach was t o  decrease the r e a c t i v i t y  of (a) the  amine, 

This new approach has resu l ted  i n  

the  discovery of a new chemical react ion which we have termed the  Sch i f f ' s  Ease 

Exchanae. 

organic reac t ion  o r  as a polymerization react ion.  

This reac t ion  is not described i n  the  l i t e r a t u r e  e i t h e r  a s  an ordinary 

Before applying t h i s  new re- 

ac t ion  t o  polymerization react ions,  i t  was establ ished and confirmed a s  a de f i -  

n i t e  chemical react ion applicable t o  the syntheses of ordinary Schi f f ' s  Bases. 

A. The New Sch i f f ' s  Base Exchange Reaction 

This reac t ion  may be expressed general ly  by equations 1 and 2: 

RCH=NR' + R''NH2 + RCH=NR" + R'NEzT and (eq. 1) 

RCH=NR' + R"'CH0 + R"'CB--NR' + RCHOT . (eq. 2) 

This Sch i f f ' s  Base Exchange Reaction was  proven i n  non-polymer systems, by a 

reasonable number of react ions and was dramatically i l l u s t r a t e d  by the  following 

examples : 

B. The bis-Schiff ' s  Base Exchange 

The discovery of t h i s  base exchange reac t ion  led t o  the consideration of 

t h e  p o s s i b i l i t y  of a bis-Schiff ' s  Base Exchange which would involve react ing 

two Sch i f f ' s  bases and exchanging the  groups within the bases, thus 

(eq. 6 )  RCH=NR' + R''m=m" ' r~ RCH=MR" ' + R"CH=NR ' . 
Confirmation of t h i s  bis-react ion was l e f t  t o  be tes ted  i n  the preparation of 

t h e  polymers. 

C. 

The average func t iona l i ty ,  d', of the reagents used i n  equations 1 to 6 

Polymerizations Using the New Sch i f f ' s  Base Exchange Reaction 
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inclusive is much less than 2, and therefore  incapable of producing polymers. 
, 

The app l i cab i l i t y  of t h i s  new react ion t o  produce polymers w a s  f i r s t  checked by 
~ 

using the  reagents C6H5CH=NC&N&@5 

po ten t i a l  +of  2. 

and OCHC6H4CH0, both of which have a 

The app l i cab i l i t y  of the new reac t ion  f o r  the  preparation of conjugated 

polymers was confirmed on the f i r s t  experiment. i n  which the  polymerization 

passes through a cont ro l lab le  viscous, soluble ,  fu s ib l e  s ta te  which can be 

interrupted t o  i s o l a t e  a fus ib l e  polymer which can be fu r the r  polymerized i n  

the  molten and s o l i d  state t o  high molecular weinhts. 

1. 

This polymerization react ion is represented by equation 7 wherein an 

Polymerization Using an Aldehyde Exchange 

The f i n a l  polymer obtained is iet black, tough and does not  m e l t  a t  red hea t .  

2. Polymerization Using an Amine Exchange 

The app l i cab i l i t y  of t h i s  exchange reac t ion  w a s  fu r the r  v e r i f i e d  with a 

system inverse t o  t h a t  of equation 7 by using a system wherein the  amine is 

exchanged, as represented by equation 8 .  

c_- 3. Polymerization Using a B i s  Exchange 

Novel as the  react ions represented by equations 7 and 8 may be, more 

s t a r t l i n g  st i l l  w a s  the polymerization reac t ion  accomplished through a b is -  

S c h i f f ' s  base exchange wherein two in t e r r e l a t ed  Sch i f f ' s  bases were exchange- 

condensed t o  produce (1) a conjugated Sch i f f ' s  base polymer and (2) a by-product 

S c h i f f ' s  base as i l l u s t r a t e d  by equation 9 
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These important discoveries and t h e i r  possible  pa t en tab i l i t y  were discussed 

I with M r .  Bernard Achhammer, NASA Headquarters, Washington, and who suggested 

~ t h a t  the immediate program be concentrated on exploring the depth and breadth 

of this new polymerization react ion t o  allow NASA t o  pro tec t  these r e s u l t s  with 

patent  appl icat ions,  i f  NASA so desired. Mr. Achhammer also requested a pre- 
I 

liminary tabulat ion of the possible patent  appl icat ions r e su l t i ng  from the  

work t o  da te  be made pa r t  of t h i s  report  f c r  which see I t e m  111. 

D.  New Acetal Syntheses f o r  Coniugated Polymeric Schi f f ' s  Bases 

As an a l t e r n a t e  t o  the Schi f f ' s  Base Exchange, it w a s  conceived t h a t  the 

r e a c t i v i t y  of the  aromatic aldehyde t o  aromatic amines might be reduced i f  they 

were f i r s t  converted t o  the acetal, which then could be used t o  prepare a Sch i f f ' s  

base. The postulated non-polymeric react ion is i l l u s t r a t e d  by equation 10 

This reac t ion  f o r  aromatic compounds has not been described i n  the l i t e r a t u r e .  

It was a l s o  hoped t h a t  the intermediate product of the  react ion,  OL@, 
could be i so la ted .  

A t  t h i s  time we can report  t ha t  we have confirmed the synthesis  of non- 

polymeric Sch i f f ' s  bases by use of the  acetals instead of the aldehydes. This 

was proven by the synthesis  of benzyl an i l i de  a s  given i n  equation 11. 

+ 

W e  were not able.  however. in a reasonable number of uncatalyzed react ions,  to 
gdl5 

isolate or i den t i fy  the  postulated intermediate, CsHs NHC6H5 s ince  the reac t ion  

proceeds t o  the f i n a l  product as given i n  equation 11. However, by use of the  

amine hydrochloride, it now appears t h a t  i t  is possible  t o  i s o l a t e  o r  ident i fy  

the intermediate as the  hydrochloride a s  indicated with p-n i t roani l ine  and 

a n i l i n e  according t o  equations 12 and 13 respect ively:  
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At present, the synthesis of the tetreacetal of terephthaldehyde, 

(C2H50)2CHC6H4CH(OC2H5)2, is underway to check the applicability of the acetal 

route to the synthesis of polymers as illustrated by equation 14, 

n (C2H50)2CHC6H4CH(oc2H5)2 4- H2Nc6H4m2 + 

4n C2H5OH + &C'HC6H4CH=NC6H4N+n (eq. 14) 

E. Non-Polvmerizable Schiff's Bases, ArN=CHAr, as Polymerization Solvents 

Preliminary tests have indicated that the non-polymerizable Schiff's bases 

of the structure ArN=CHAr wherein Ar is an aryl group are satisfactory media 

for the polymerization reaction leading to conjugated Schiff's bases which 

under other conditions precipitate as "brick dust" out of solvent systems as 

soon as formed. 

equations 7, 0 and 9. 

The baseiC6H5N=CHC6H5,has been used as a solvent media for 

111. The Various Patentable Aspects 

A. Possible Patent Applications Assignable to NASA 

1. Single Base Exchange 

Case No. 1. A general application on the Schiff's Base Exchange Reaction 

as applicable to non-polymeric and polymeric reactions. 

Case No. 2. Preparation of conjugated polymers using the amine-type 

Schiff ' 8  Base Exchange, e.g., @N---CH@CH=N@ + H2NlbNH2 + polymer. 

Case No. 3. Preparation of conjugated polymers using the aldehyde-type 

Schiff's Base Exchange, e.g., 0N=CHlbCH=N6 + OHClbCHO + pol.ymer . 
Case No. 4. Preparation of conjugated polymers using Schiff's Base 

Exchange on hydrazones, e.g., 

n @CH=N-N=CIl0 + n OHCflCHO .c fN=CHlbCH=N-),. 
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Case No. 5 .  Preparation of conjugated polymers using Sch i f f ' s  Base 

Exchange on glyoxal der iva t ives ,  e.g. ,  

n @N=CH-CH=Nlb + H2NSNH2 + fCH-CH=N@N# 

Case No. 6. Preparation of conjugated polymers using Schiff  's Base 

Exchange of a quinoanilide,  e.g., 

Case No. 7. Preparation of conjugated polymers using the  Sch i f f ' s  Base 

Exchange based on t r i a z i n e s  having a t  least two amino 

groups and @N=CH%CH=N0. 

2. Bis-Schiff ' s  Base Exchange 

Case No. 8 .  A general  case on preparing conjugated polymers using b i s -  

S c h i f f ' s  Base Exchange procedures, examples t o  be based on 

s p e c i f i c  sub classes given i n  Cases Nos. 9, 10 and 11. 

Case No. 9. Preparat ion of conjugated polymers using a b i s -Sch i f f ' s  

Base Exchange for  the t w o  classes of bases 

flCH=NlbN=CH@ + @N=HClbCH=N!d + polymer. 

Case No. 10. Preparat ion of conjugated polymers using a b i s -Sch i f f ' s  

Base Exchange €or the  t w o  c l a s ses  of bases,  

!dCH=NlbN=CH@ + $?IN=CH-CH=N@ o polymer. 

Case No. 11. Preparat ion of conjugated polymers using a b is -Schi f f ' s  

Base Exchange fo r  the two classes 

3.  Non-Polymeric Sch i f f ' s  Bases as Reaction Media 

Case No. 12. Preparation of conjugated polymeric S c h i f f ' s  Bases using non- 

polyueric Sctiiff"s bases, flCH=N0 as t h e  reac t ion  medium. 
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B. Other Patentable Aspects 

1. It may be possible  t o  claim the  conjugated polymeric Sch i f f ' s  Bases 

of t h i s  research as Compositions of Matter per  se. 

researches of the  pr incipal  inves t iga tor  of t h i s  pro jec t ,  there  were 

no publ icat ions which could be c i t e d  against  t h i s  work. 

r e l a t ed  but minor publ icat ion appeared as an ar t ic le  by J.W. Aki t t ,  

F.W. Kaye, B.E. Lee and A.M. North, Makromoleculare Chemie, p. 195- 

199, October 1962. The ar t ic le  was received by Macromoleculare Chemie 

f o r  publ icat ion on Ju ly  10, 1962. 

back t o  the  period A p r i l  17, 1962 t o  June 8 ,  1962. W e  are i n  a 

posi t ion,  therefore ,  t o  "swear back" of t h i s  reference i n  the  prose- 

cut ion of a patent appl ica t ion  on compositions of matter. Though t h i s  

reduction t o  prac t ice  was p r i o r  t o  the  date of t he  grant ,  an assignment 

t o  NASA can be considered. 

Another possible  patent  appl icat ion can be based on the  m e l t  process 

of a dicarbonyl compound and a diary1 amine which was  a l s o  reduced t o  

p rac t i ce  between the  period of April  17, 1962 and June 8 ,  1962. 

A k i t t  e t  a l .  publ icat ion d isc loses  preparation of some conjugated 

Sch i f f ' s  bases i n  so lu t ion  only, and therefore  is inapplicable as a 

reference i n  the  prosecution of a method patent .  

of matter case ( I I I . B . l ) ,  t h i s  work was performed a l s o  p r i o r  t o  the 

grant  but an assignment t o  NASA can be considered. 

P r io r  t o  the  

The f i r s t  

Our reduction t o  prac t ice  dates  

2. 

The 

AS i n  the  composition 

The research performed between April  17,  1962 and June 8, 1962 

w a s  performed primarily t o  check the  correctness  of the  new concepts, 

t he  confirmation of which would allow presentat ion t o  a sponsor with 

more assurance of possible success than i f  presented so le ly  as a 

"bIue -gky" proposal. 
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Intermediates Prepared and in  Preparation 

The pro jec t  t o  da te  has required the synthesis  of a la rge  number of 

chemical intermediates, and the following compounds have already been prepared 

i n  very high puri ty:  

technique of react ing the amine and carbonyl compound i n  a solvent such as 

e thyl  alcohol and accepting an equilibrium y ie ld  of 50-709.. 

recent ly  improved the synthesis  by using a continuous toluene or xylene azeo- 

We have now 

t rop ic  method i n  a Starke-Dean apparatus u n t i l  the  theore t ica l  amount of water 

is  obtained t o  give a quant i ta t ive  crude y i e ld  of the desired Sch i f f ' s  base. 

A number of other  intermediate compounds have a l s o  been prepared by the  

solvent  technique but not i n  the  high pur i ty  desired.  Such a typica l  compound 

is Compound No. 9. 

Compound No. 9 ,  C6H5N"c#4=Nc6H5 

Quinone and a n i l i n e  were reacted i n  alcohol according t o  equation 15 c-7 + 2 m2CgH5 + H5C@<-685. (eq. 15) 

This  compound is contaminated by the  s i d e  reac t ion  involving the addi t ion of 

a n i l i n e  t o  the  r ing,  as i n  equation 16 



t 

Though tho purity of tb. c q o u n d  obtained under there  condition8 was suf&cient  

to cbeck its 8 b l l l t y  to uab.+so but caccha-e polylarriaation with phenylene 

diamiw, i t 8  putfgy &a rot hQh mar@ for research purposes. 

SgnthcUf8 whgch appeatr to  bo mort ptoricriw is now under rtudy and i r  baaed 

An alternate 

on the  oxidation of camerchIAy w a i l a b l e  p-trfpbenylene imine by commercial 

quinone (rccotdiq t o  equatSan 17. 

Attent ioa  i r  d i rec t ed  t o  coapouad Yo. 8 I n  the  above l ist .  The parent 

subst8nce for t h i s  aerier is E5CaN=ClU21~6H5, but all a t tempts  t o  prepare it 

d i r e c t l y  from glyoxal and a n i l i n e  h8ve produced an i l ine- type  r e s i n s  inr taad of 

the  deeircd Schi f f ’ s  barn. By using the or tho  aminophenol we were able t o  

obta in  a der iv8t ive  of the  parent coarpwndr as a model campound f o r  polymeri- 

za t ion  s tudies .  The f a c t  t h a t  the  aminophenol d id  not produce resins under 

these  conditions is a t t r i b u t e d  t o  r t a b i l i z a t i o n  due t o  che la t ion  of the hydrogen 

of the phenolic hydroxyl with the ni t rogen atoms, thus 

The parent  compound is s t i l l  desired and s tud ie s  are underway t o  schieve its 

synthes is .  

To e s t a b l i s h  the  breadth of the new Schi f f ’ s  base exchange react ion,  and 

the d i v e r s i t y  and breadth of t h i s  class of polymers and of the  polymerization 

Systeps t o  aesure good paten t  cover f o r  NASA, a number of other  compounds and 

intermediates (Nos. 10 t o  13, inc.) are under preparat ion i n  addi t ion  t o  cam- 

pounds 6 and 7, which have already been prepared f o r  there  reasons. 

Compound No. 10, (CH3)2C=NC#+C(Qi313)2 - 

To prove t h a t  a terminal a ry l  group is not eesential i n  the  Sch i f f ’ s  base 
R 
‘R 

intermediates  of the  class, ArCEI=NArN=CHAr, but t h a t  any 4’ 

e f f e c t i v e ,  there  is now under preparation the  d ike ty l  de r iva t ive  of p-phenylene 

s t r u c t u r e  i e  

diamine by reac t ion  with acetone using our new azeotrope techniques as shown 
. 
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i n  equation 18 

2 (CH3)2CO+p H2NC6H4NH2 + (CH3)2C=NC6H4N'c(C3)2 (eq. 18) 

When prepared I t  w i l l  be reacted with s u i t a b l e  dicarbonyl compounds t o  

determine i f  polymers are obtainable from it .  

Compound 11, NC5H4N=CHC6H4CH=NC5H4N 

Also t o  prove t h a t  an an i l i do  group is not  required i n  the S c h i f f ' s  base 

of the  formula, C ~ H ~ N = C H C ~ H ~ C ~ = N C ~ ~ S ,  there  is now under preparat ion the  corres- 

ponding pyridine der iva t ive  by reac t ing  terephthaldehyde with 2-a~ninopyridine 

azeot ropica l ly  according t o  equation 19 

Compound No. 12, ArN 

To extend the quinone reac t ion  fu r the r ,  and t o  prove its a p p l i c a b i l i t y  

more widely, o ther  types of quinones, such as naphthaquinone, e t c . ,  are being 

converted t o  S c h i f f ' s  bases. Of grea te r  i n t e r e s t  and possibly of more impor- 

tance i n  t h i s  problem are quinones which have conjugated aromatic r ings  such as 

The tetramethyl de r iva t ive  has been prepared and is being converted t o  an 

intermediate s u i t a b l e  f o r  base exchange by our  azeotropic  reac t ion  with a n i l i n e  

according t o  equation 20. 

This compound is r e l a t ed  remotely t o  Compound No. 12 above. It must be pre- 

pared because a determination should be made as t o  whether or  not the  quinone- 

type  r ings  can be separated by non-aromatic bridges and s t i l l  form s u i t a b l e  



- . 

polymers. I n  t h i s  class of compounds, the requirement must a l s o  be met t h a t  

the  conjugation must not be interrupted. The class o f  compounds represented by 

Compound N o .  13 appears t o  meet t h i s  requirement. We now have ava i l ab le  
R' R' 

wherein R is  a t e r t i a r y  butyl group, and i ts  reac t ion  with a n i l i n e  azeotropical ly  

w i l l  be t r i e d .  Due t o  the  bulk fac tor  presented by the  t-butyl group, a slow 

r a t e  of reaction o r  even a lack of react ion may be found f o r  t h a t  expected and 

given by equation 21. 

2CsH5NH2 + 
t-Bu 

t-Bu t -Bu 

(eq. 2:) 

If the  predict ion of poor r eac t iv i ty  turns  out t o  be t rue ,  and i f  the reac t ion  

given by equation 20 proceeds, we w i l l  then t r y  t o  synthesize the tetramethyl 

der iva t ive ,  

convert  it t o  the  d i an i l i de  and evaluate it i n  a polymerization react ion.  

The t e t ra - t -buty l  der ivat ive is being examined f i r s t  because the compound 

is on hand from another research problem and because the cor re la t ion  of equa- 

t i o n s  21 and 20 w i l l  give us information on how bulk fac tors  can influence not 

only a n i l i d e  formetion but a l s o  the polymerization react ion.  
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V. The Present Research S ta f f  on the  Pro jec t  

G.F. D'Alelio - Director  
T. Huemmer - Research Associate 
L. Beaulieu - Secretary 
Toshikazu Kurosaki - Postdoctoral 
James Cr ive l lo  - Predoctoral 
W i l l i a m  Feasler  - Predoctoral .  

VI. Research Planned f o r  August 1963 t o  February, 1964 

During the  next period we w i l l  (1) continue the  syntheses of new monomers 

required t o  determine t h e  breadth and l imi ta t ions  of (a) t h e  Sch i f f ' s  Base 

Exchange Reaction and (b) the  types of conjugated polymeric Sch i f f ' s  bases 

which must be made, i f  they can be made, t o  pro tec t  NASA poss ib le  patent 

pos i t ion ;  (2) synthesize pure monomers and intermediates required f o r  reseerch 

on the  pro jec t ;  (3) begin the  de ta i led  polymerization s tud ie s  involving (a) the 

contrast of the various methods of producing the conjugated polymers, (b) the 

k i n e t i c s  and mechanism of the react ion,  (c) the  establishment of appropriate 

methods for determining the  molecular weight of the  polymers obtained, e t c . ;  

(4) continue t o  explore the  ace t a l  process fo r  producing the  polymers; 

(5) undertake i n i t i a l  s tud ies  t o  determine the  l i m i t  of the degree of polymeri- 

za t ion  with one o r  more of the  conjugated polymers a t  which the  polymer i s  

s t i l l  soluble ,  and/or fus ib le ,  and a t  which s tage  it can s t i l l  be fabricated;  

(6) start t o  explore the  semiconductor propert ies  of the  polymers. The con- 

jugated polymers of t h i s  pro jec t  are not only highly hea t - res i s tan t  but a l s o  

organic semiconductors, a property which we an t ic ipa ted  and which now has been 

confirmed. (See the Macromoleculare Chemie reference under I t e m  I I I - B ) .  

Our concepts include t h e  introduction of electron-withdrawing and e lec t ron-  

donating groups on the  segments of t he  polymer. Accordingly, w e  w i l l  attempt 

t h e  synthesis  of a few such subs t i tu ted  polymers t o  compare t h e i r  semiconductor 

p rope r t i e s  with the  unsubsti tuted parent polymers. Most probably, w e  w i l l  

at tempt the synthesis  of one or  both of the  following polymers: 



....‘ . c 

c1 
f o r  comparison with the  parent polymer, 
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VII. Future Program 

The preliminary invest igat ions ca r r i ed  out under t h i s  grant  have opened 

up new and promising areas  of research and development i n  the  f i e l d  of heat-  

r e s i s t a n t  polymers and organic semiconductors. 

ground i n  the  technical  l i t e r a t u r e  i n  the  areas under study, and t h i s  requires  

t h a t  w e  have t o  develop our own fundamental knowledge on (1) the  Schi f f ’ s  base 

exchange, (2) t he  acetal synthesis,  (3) the s t ruc tu re  and syntheses of new 

monomers, (4) the  e f f e c t  of s t ruc tu re  and subs t i t u t ion  on the e l e c t r i c a l  aod 

semiconductor propert ies  of the  derived polymers, ( 5 )  the  methods of 

determining molecular weights, e t c .  

There is l i t t l e  o r  no back- 


